Toxoplasma gondii multiplies within parasitophorous vacuole that is not recognized by the primary no oxidative defense of host cells, mainly represented by the fusion with acidic organelles. Recent studies have already shown that hydroxyurea arrested the intracellular parasites leading to its destruction. In the present work we investigated the cellular mechanism involved in the destruction of intracellular Toxoplasma gondii. Fluorescent vital stains were used in order to observe possible acidification of parasitophorous vacuole-containing Toxoplasma gondii in presence of hydroxyurea. Vero cells infected with tachyzoites were treated with hydroxyurea for 12, 24 or 48 hours. Fluorescence, indicative of acidification, was observed in the parasitophorous vacuole when the cultures were incubated in presence of acridine orange. LysoTracker red was used in order to determine whether lysosomes were involved in the acidification process. An intense fluorescence was observed after 12 and 24 hours of incubation with hydroxyurea, achieving it is highly intensity after 48 hours of treatment. Ultrastructural cytochemistry for localization of the acid phosphatase lysosomal enzyme was realized. Treated infected cultures showed reaction product in vesicles fusing with vacuole or associated with intravacuolar parasites. These results suggest that fusion with lysosomes and acidification of parasitophorous vacuole leads to parasites destruction in the presence pf hydroxyurea.
INTRODUCTION
Toxoplasma gondii is a cosmopolitan protozoan parasite able to invade and replicate within nucleated cells of vertebrates (Tenter et al. 2000, Hill and Dubey 2002) . Following invasion of host cells the infective form of Toxoplasma gondii -tachyzoites -resides within membrane-bound vacuoles known as parasitophorous vacuole (PV) (Sibley et al. 1985 , Beyer et al. 2002 .
Intracellular vacuoles usually undergo fusion with acidic organelles as lysosomes and endosomes, leading to acidification and digestion of intravacuolar materials (Tjeiie et al. 2000) . The lysosome fusion with vacuoles also is the primary no oxidative defense of the host cells against intracellular parasites (Kornfeld and Mellman 1989) . However, PV containing T. gondii avoids fusion with acidic organelles as lysosomes and endosomes (Hirsch and Jones 1972 , Finlay and Falkow 1989 , Joiner et al. 1990 , Sibley 1993 ) and this characteristic is responsible for the intracellular survival of the parasite.
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Early studies showed that intravacuolar parasites as T. gondii are eliminated of host cells in presence of hydroxyurea (Melo et al. 2000, Melo and Beiral 2003) . In the present study we showed the cellular mechanism involved in the elimination of intracellular T. gondii. Understanding the interactions of this vacuole with the host cell is important, since they are one of the keys to successful intracellular parasitism.
MATERIALS AND METHODS

PARASITES
Tachyzoites from the virulent RH strain of Toxoplasma gondii were maintained by intraperitoneal passages in Swiss mice and were collected in Ringer's solution at pH 7.2, 48 hours after infection. The collected fluid was centrifuged at 200g for 10 minutes at room temperature to remove cells and debris. The supernatant containing the parasites was centrifuged at 1,000g for 10 minutes. The pellet obtained was washed twice with phosphatebuffered saline solution (PBS), pH 7.2, and resuspended to a density of 10 7 parasites/ml in medium 199 without fetal calf serum (FCS). The parasites were used within 30 minutes after removal from infected animals, and the viability was evaluated using a dye-exclusion test with Trypan blue.
HOST CELL Vero cells (kidney fibroblast of African green monkey) were maintained in Falcon plastic flasks, in medium 199 supplemented with 5% fetal calf serum (FCS) and passed by trypsinization when the cell density approached a confluent monolayer. One day before being used in the experiments, approximately 2 × 10 4 Vero cells were placed on 24-well tissue cultures plates that contained a round sterile coverslip, or were plated into flasks 25 cm 2 (3-5 × 10 6 cells/flasks) and maintained at 37 • C overnight in 5% CO 2 .
CELL-PARASITE INTERACTION
Parasites suspended in medium 199 were incubated for 2h in the presence of Vero cells using a 5:1 parasite-host cell ratio. After that, the cells were washed twice with PBS to remove extracellular parasites and incubated for 24 hours at 37 • C in 5% CO 2 .
HYDROXYUREA Stock solution of Hydroxyurea (Merck Chemical Co.) was dissolved in PBS at concentration of 4M. The hydroxyurea (HU) solution was dissolved in medium 199 with 5% fetal calf serum at concentration of 4mM as described by Melo et al. (2000) . This solution was used in same day. Hydroxyurea was added in the infected Vero cells for 12, 24 and 48 hours. After that, the cultures were processed to light and transmission electron microscopy as described below.
LIGHT MICROSCOPY
The cultures were washed three times with PBS, fixed with Bouin's solution, and stained with Giemsa. All preparations were examined using Zeiss AXIOPLAN photomicroscope equipped with objective 63x.
LASER SCAN CONFOCAL FLUORESCENCE MICROSCOPY
In order to observe acidic compartments infected cultures were incubated with acridine orange (Sigma Chemical Co.) or Lyso-tracker red (Molecular Probes, Inc.) -the lysosomes specific probe. Acridine orange (5µg/ml) was added to the medium 199 without FCS and added to the cultures for 30min at 37 • C, as previously described by Kielian and Cohn (1980) . The cultures were washed with medium 199 and the cells were examined at a Zeiss Confocal Laser Scan Microscope (CLSM), using an argon laser 488nm or 543nm. Lyso-tracker red (50nM) was added in the medium 199 without FCS and added to the cultures for 30 minutes, at 37 • C. Then the culture was washed in medium 199 without FCS and observed in confocal microscopy using an argon laser 543nm. Photographs were taken from the monitor on Tri-X (ASA 100) film using the automatic exposure control of the Zeiss camera. Tri-X film was developed for 5 minutes in Kodak HC 110 (dilution B).
TRANSMISSION ELECTRON MICROSCOPY
Infected Vero cells cultivated as described above were incubated with hydroxyurea. For detection of acid phosphatase activity (Robinson and Karnovsky 1983 ) the cells were fixed for 30 min at 4 • C in 1% glutaraldehyde with 0.1M cacodylate buffer (pH 7.2). They were rinsed in buffer and pre-incubated at 37 • C for 30 minutes in medium containing 2mM CeCl 3 , 5% sucrose and 0.05M Tris-maleate buffer (pH 5.0). Thereafter, the cells were incubated at 37 • C for 60 minutes in medium containing 2mM CeCl 3 , 7mM Na-β-glycerophosphate, 5% sucrose and 0.05M Tris-maleate buffer (pH 5.0). Control cells were incubated in medium in the absence of the substrate.
After incubation, the cells were rinsed in cacodylate buffer, re-fixed in a solution containing 4% paraformaldehyde and 1% glutaraldehyde in cacodylate buffer (pH 7.2) for 1h at 37 • C, postfixed with osmium tetroxide, dehydrated in acetone and embedded in Epon. Thin sections not stained with uranyl acetate and lead citrate. The sections were observed with Zeiss 900 electron microscope, at 50 KV.
RESULTS
Cultures of Vero cells were initially allowed to interact with tachyzoites of T. gondii for 24h at 37 • C. Under these conditions, most of the cells were infected with tachyzoites of T. gondii. After this 24h period, some of these cultures were treated with 4mM of hydroxyurea for 12h, 24h or 48h. Morphological aspects of parasites included crescentshaped cells with about 6µm long and 2µm wide ( Fig. 1a -arrow) . The incubation of the infected cultures with hydroxyurea for 12h (Fig. 1b) led to drastic morphological alterations on the intravacuolar parasites. After 24h (Fig. 1c) and 48h (Fig. 1d ) of drug incubation parasites were totally disorganized. However, the host cell was no affected (Fig. 1b, c -arrowhead) and normal nucleus and nucleolus were observed (Fig. 1b, d -N, n) . The progressive destruction of intracellular parasites resulted in decrease of parasitophorous vacuole volume (Fig. 1c, d -V) .
In order to analyze if the destruction of tachyzoites involved vacuole acidification, the cultures were incubated with fluorescent stain acridine orange (Fig. 2) . In untreated infected cells (Fig. 2a, b) , an intense fluorescence was observed around PV ( Fig. 2a -arrow) and dispersed in the cytoplasm of host cell (Fig. 2a -arrowhead) ; however, no fluorescence signal was observed inside PV. After incubation of HU for 12h (data not shown) and 24h (Figs. 2c, d, e) , acidification of PV containing T. gondii was observed as showed by the fluorescence pattern of acridine orange (Fig. 2c, 2d, arrowhead ). An intense fluorescence was also observed inside PV after 48h (data not shown). The advantage of using acridine orange probe is the possibility of two-fluorescence spectrum emission in acidic medium as demonstrated by Kielian and Cohn (1980) . Therefore, in the treated host cells, acidic compartments and PV containing parasites emitted distinct wavelengths:
the Rhodamine-like spectrum as positive indicative of acidification (Fig. 2c, arrowhead) and the Fluorescein-like spectrum as indicative of the neutral pH of the PV (Fig. 2d) .
In order to determine whether lysosomes were involved with acidification of PV containing parasites in the presence of HU, LysoTracker red -a specific lysosome probe -was used (Fig. 3) . Untreated host cells infected or not with T. gondii showed punctual fluorescence indicative of lysosomes dispersed throughout the cytoplasm (Fig. 3a , b arrow). As observed with acridine orange, intravacuolar parasites were not labeled (data not shown). However, progressive fluorescence patterns were observed after incubation of HU for 12 (Fig. 3c, d -arrow) and 24h (Fig. 3e, f -arrow) , where the intravacuolar medium and parasites became fluorescent. The most intense fluorescence was observed in the PV of cultures treated for 48h (Fig.  3g -arrow) where a large number of lysosomes was observed in the cytoplasm (Fig. 3g, h -arrowhead) .
The possibility of the acidic phosphatase activity during tachyzoites elimination in the presence of HU was also tested by using ultrastructural cytochemistry (Fig. 4) . After 12h of drug incubation the reaction product, indicative of phosphatase presence, was observed in the cytoplasm (Fig. 4a -arrowhead) and within PV (Fig. 4a -inset) . After 24h in presence of HU the reaction product was observed on the parasite surface ( Fig. 4b -arrow ) and 48h after drug incubation, the reaction product was associated with disrupted intravacuolar parasite (Fig. 4c -arrow) .
These results suggested that in the presence of HU Vero cells promote acidification of PV-containing tachyzoites leading to lysosome fusion with PV and discharge of phosphatase enzymes into lumen of this vacuole.
DISCUSSION
During and after invasion of the host cell, Toxoplasma gondii secretes several compounds that lead to changes in the biochemical nature of the vacuole fig. 3a, b -arrowhead) . However, a progressive fluorescence inside PV containing tachyzoites was observed after incubation for 12h ( fig. 3c, d -arrow), 24h (fig. 3e, f -arrow) or 48h (fig. 3g, membrane where it resides, called parasitophorous vacuole (PV). Protected in an intravacuolar space tachyzoites multiply until rupture of the host cell. Vacuole-lysosome membrane fusion is a highly regulated event that is essential for intracellular killing of microorganisms.
The pioneering studies of Hirsch and Jones (1972) demonstrated that replicating parasites internalized by macrophages were in vacuole did not fuse with thorotrast-loaded lysosomes. Sibley et al. (1985) complementing Jones and Hirsch studies, demonstrated that PV-containing T. gondii did not fuse with endocytic organelles and that this feature was dependent of the viability of the parasite. Joiner et al. (1990) showed that killing the intracellular parasite after entry did not reverse the fusion incompetence of the vacuole and that this fusion incompetence is established at the time of parasite entry, during its active invasion (Mordue et al. 1999a) .
However, the inactivation of the enzyme ribonucleotide reductase and the synthesis of DNA with hydroxyurea (Yarbro 1992) led to some intracellular parasites elimination including T. gondii (Melo et al. 2000, Melo and Beiral 2003) . In present studies, intravacuolar T. gondii is eliminated in presence of HU while the fusion PV containing tachyzoites with lysosomes is established leading acidification of PV and tachyzoites degradation, as now demonstrated using vital fluorescent probes (Swanson 1989 , Tuma et al. 2001 , Magez et al. 1997 . However, this parasite degradation in presence of HU may be connecting with lost of parasite viability. In this case, T. gondii would not maintain PV-modification, becoming this vacuole susceptible to primary oxidative defense of the host cells, leading to parasites digestion.
The important point that during intracellular infection, parasitophorous vacuole containing T. gondii was susceptive to fuse with acidic vesicles -an important microbicide system -in presence of hydroxyurea, suggesting that the PV-fusion incompetence is established during intravacuolar parasite development and not only during parasite entry, as showed for Joiner et al. 1990 . Therefore, our results also demonstrated that vesicles containing acidic enzymes were competence to fuse with PV-containing tachyzoites in presence of HU suggesting that the lost of parasite features to avoid the PV-acidic vesicles fusion. Thus, the multiplication interruption and elimination of intracellular parasites was possible in the presence of HU, resulting in lysosomes vacuole-fusion.
Although parasitophorous vacuole containing viable T. gondii have been shown to resist to fusion with the endocytic and exocytic pathways of the host cell (Mordue et al. 1999a) , this compartment also has the capacity to interact with host cell mitochondria, endoplasmic reticulum (Melo et al. 1992 , Melo and De Souza 1997 and microtubules (Melo et al. 2001) , and capture C6-NBD-Ceramide products during intracellular parasites development (Melo and De Souza 1996) . However, the avoidance of endocytic fusion and selective recruitment of host cell organelles and nutrients from host cells are well known strategies used by intracellular bacterial and other pathogens (Horwitz 1984 , Matsumoto et al. 1991 . Understanding the formation and modification of PV-containing T. gondii may reveal novel mechanisms that lead to intracellular survival. Melo and Beiral (2003) had already demonstrated that in the presence of HU host cells eliminated Trypanosoma cruzi and Leishmania amazonensis, although the cellular mechanisms involved in parasite elimination were not determined in the present study. Finally, the possibility of using the cellular action in the presence of HU to defense of the organism against toxoplasmosis and other diseases will also going to be tested in our laboratories.
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RESUMO
Toxoplasma gondii se multiplica dentro do vacúolo parasitóforo que não é reconhecido pela defesa primária não 
